Staphylococci and coryneforms were the most predominant and persistent bacteria isolated from the nares and axillae. Staphylococci, coryneforms, micrococci, and Bacillus were the most predominant and persistent bacteria isolated from the head, legs, and arms. Acinetobacters were most frequently isolated during the warmer months of the years. Staphylococcus aureus and S. epidermidis were the most predominant and persistent staphylococci isolated from the nares, whereas S. epidermidis and S. hominis were the most predominant and persistent staphylococci isolated from the axillae, head, legs, and arms. S. capitis was often isolated from the head and arms and S. haemolyticus was often isolated from the head, legs, and arms. S. simulans, S. xylosus, S. cohnii, S. saprophyticus, S. warneri, and an unclassified coagulase-positive species were only occasionally isolated from skin. Micrococcus luteus was the most predominant and persistent Micrococcus isolated from skin and preferred regions of the head, legs, and arms. M. varians was the second most frequent Micrococcus isolated. M. lylae, M. sedentarius, M. roseus, M. kristinae, and M. nishinomiyaensis were only occasionally isolated from skin. M. lylae was most frequently isolated during the colder months of the years.
are now available to clearly separate members of the genera Staphylococcus and Micrococcus (15, 27, 28) and new species have been recognized, we have proceeded in the present study to determine the distribution of Staphylococcus and Micrococcus species on several major areas of human skin and to estimate their degree of persistence over a 1-year period. Other predominant genera or groups of bacteria were also investigated for making comparisons with staphylococci and micrococci.
MATERIALS AND METHODS Sampling. Twenty people living within a 10-mile area in Raleigh, N.C., and 20 people living within a 15-mile area in Somerville and New Brunswick, N.J., were sampled once during October 1971. All people sampled were Caucasians. Individuals from Raleigh included 12 children ranging from 3 to 12 years of age and eight adults ranging from 14 to 40 years of age. Individuals from Somerville and New Brunswick included nine children ranging from 2 to 11 years of age and 11 adults ranging from 27 to 61 years of age. Ten of the people from Raleigh were also sampled at monthly intervals over a 1-year period from June 1971 to June 1972. Individuals in the temporal study included six children and four adults.
Samples were taken from healthy skin at two adjacent sites on the forehead and at one site from one cheek, one anterior and external naris, and underside of the chin, the apex of each axilla, and the hairy portion of each upper and lower arm and each upper and lower leg.
Sampling procedures. Sterile cotton swabs were moistened with a detergent containing 0.1% Triton X-100 (Packard) in 0.075 M phosphate buffer, pH 7.9 (37) , and rubbed vigorously, with rotation, over approximately 8-cm2 sites. Swabbing was performed for 5 s on sites of the forehead, cheek, chin, nares, and axillae that usually contained large populations of bacteria and for 15 s on sites of the arms and legs that usually contained relatively small populations. Swabs taken from the forehead, cheek, chin, external naris, arms, and legs were immediately applied directly on agar media by rubbing, with rotation, over the entire surface for two consecutive times. Swabs taken from the anterior naris and axillae were immediately rinsed once in 5 ml of detergent, and the rinse was applied to the surface of agar media (31) . Later, during the course of the study, we observed that adults often contained populations of bacteria on the forehead, cheek, chin, and external naris that were too large to be analyzed by inoculating swabs directly onto media. In these instances, samples taken from a single swab rinse proved to be more satisfactory and produced well-isolated colonies.
Isolation medium. The isolating medium (P agar) (19) was nonselective and had the following composition: peptone (Difco), 10 g; yeast extract (Difco), 5 g; sodium chloride, 5 g; glucose, 1 g; agar (Difco), 15 g; and distilled water, 1,000 ml.
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In this study, we did not make a distinction between lipophilic and nonlipophilic diphtheroids (coryneforms) by the routine use of Tween 80-supplemented media. On the above, unsupplemented medium, lipophilic coryneforms produced distinctive small (0.5 to 1.0 mm in diameter), dry, greyish colonies in numbers that were comparable with those obtained on the same medium supplemented with 0.5% Tween 80.
Bacteriological analysis. Inoculated agar media were incubated under aerobic conditions at 34 C for 4 days, at which time colonies were counted and recorded according to morphology and pigment. In most instances, a portion of one representative colony of each colony type per site was picked with a needle and isolated on P agar. Subcultures were stored at 4 C. For convenience, the original isolation plates could be stored at 4 C for 2 to 3 weeks prior to the isolation of cultures (except for the isolation of Neisseria).
The occasional molds and yeasts isolated were characterized on the basis ofcolony and cell morphology and pigment, but were omitted from further analysis.
Identification of bacteria. Subcultures of bacteria were first tentatively identified or grouped on the basis of colony and cell morphology, pigmentation (when present), Gram stain, catalase activity, growth pattern in a semisolid thioglycolate medium, and growth rate (6, 7, 13-15, 27, 28) . Additional characters used for the identification of specific genera (or groups) and species (in Staphylococcus and Micrococcus only) are described in the following paragraphs.
(i) Staphylococcus. Suspected staphylococci were further tested for lysostaphin and erythromycin susceptibility, acid production from glycerol under aerobic conditions, and growth at 45 C (28) . Staphylococcus species were characterized on the basis of a wide variety of characters that were described previously (13, 14, 29) .
(ii) Micrococcus. Suspected micrococci were further tested for a comparison of lysozyme and lysostaphin susceptibilities, erythromycin susceptibility, acid production from glycerol under aerobic conditions, and growth at 45 C (28) . Micrococcus species were characterized on the basis of a wide variety of characters that were described previously (15) .
(iii) Coryneforms. Suspected members of the "co- (v) Streptomyces. Suspected Streptomyces were further tested for mycelium and spore morphology (6) . The reference strain used in this study was Streptomyces aureofaciens Northern Regional Research Laboratory (NRRL) 2209, obtained from J. J. Perry, North Carolina State University, Raleigh, N.C.
(vi) Acinetobacter. Recent systematic studies have indicated that many oxidase-negative strains previously reported as members of the genera Herellea, Mima, Bacterium, Achromobacter, Alcaligenes, Moraxella, Neisseria, and Micrococcus are different strains of the single species Acinetobacter calcoaceticus (5, 11, 25, 35) . Suspected acinetobacters were further tested for motility, oxidase activity, nitrate reduction, reactions in triple sugar iron agar (Difco) and i-(+)-glucose-and a-lactose-supplemented phenol red agar base (Difco), and characteristics of growth and color on eosin methylene blue agar (Difco) (6, 25, 36 (vii) Neisseria. Suspected Neisseria were further tested for motility, oxidase activity, nitrate reduction, and acid production from D-(+)-glucose, f-D(-)-fructose, and maltose under aerobic conditions (6) . Original isolation plates that were stored at 4 C for more than 1 to 2 weeks usually produced a high proportion of nonviable Neisseria colonies. Therefore, when complete characterization is desired, we would recommend that cultures be picked for isolation immediately after the 4-day incubation period. The reference strain used in this study was Neisseria subflava ATCC 14799.
(viii) Enterics. Suspected members of the family Enterobacteriaceae were further tested for characteristics of growth and color on eosin methylene blue agar, oxidase, deoxyribonuclease, and urease activities, nitrate reduction, growth on acetate differential agar (Difco), Simmons citrate agar (Difco), and KCN, phenylalanine deamination, methyl red test, production of acetylmethyl-carbinol, reactions in triple sugar iron agar and malonate broth (Difco), acid production from D-(+)-glucose, dulcitol, i)-mannitol, D-sorbitol, raffinose, and L-(+)-rhamnose, and reactions in the r/b enteric differential system (diagnostic research, inc., Roslyn, N.Y.), including indole, motility, lysine and ornithine decarboxylase, lactose, and H 2S (6, 8, 18 30, 1975 on November 11, 2017 by guest http://aem.asm.org/ Downloaded from experiments were conducted to evaluate the swabbing technique used in this study for estimating the composition and density of aerobic bacterial populations on skin. In a 3 x 3 x 3 factorial analysis using arc sin transformations (kindly performed by H. E. Schaffer), we found no significant difference at the 5% level in the proportion of colony-forming units (CFU) of different genera or Staphylococcus and Micrococcus species isolated on different agar plates inoculated from the same swab or on plates inoculated from different swabs taken from the same site. Hence, it would appear that the action of swabbing for 5 to 15 s dispersed the aerobic bacterial population on skin to a uniform composition and, therefore, would provide a representative sample for determining the proportion of types of bacteria present on skin. These results are in agreement with those of a comparable study by Smith (31) showing that proportions of diphtheroids, gram-negative bacilli, and gram-positive cocci did not change significantly by repeated washings of swabs.
The swabbing technique also provided on a rior naris and cheek sites. The estimated bacterial densities determined in this study were in close agreement with those reported by others for similar sites (16, 17, 34, 37) , and serve as a reference for correlations between site, density, and composition to be discussed later in the paper.
Distribution of genera (groups) on skin. The most predominant and persistent aerobic bacteria isolated from human skin in this study were members of the coryneform group and the genera Staphylococcus, Micrococcus, andBacillus, followed by Acinetobacter, Klebsiella, Enterobacter, and Streptomyces ( Fig. 2 and 3) . Bacteria that were only occasionally isolated included Neisseria (sometimes in large numbers), Flavobacterium, Mycobacterium, Nocardia, Escherichia, Pseudomonas, Serratia, Moraxella, Streptoverticillium, Chromobacterium, and some unclassified strains. The extremely small, convex, glistening colonies (<0.3 mm in diameter) of microaerophilic Streptococcaceae, occasionally isolated in relatively large numbers from the nares and head, were not enumerated.
Staphylococci usually composed greater than 50% of the bacteria isolated from the head, nares, and axillae and from 10 to 70% of those isolated from the legs and arms. Adults from both North Carolina and New Jersey contained larger percentages of staphylococci on the head than most children. Seventy percent of the individuals in the temporal study maintained a relatively constant percentage throughout the 1-year period.
Micrococci usually composed less than 1% of the bacteria isolated from the nares and axillae and from 1 to 20% of those isolated from the head, legs, and arms. Eighty percent of the individuals in the temporal study maintained a persistent population of micrococci on the head, legs, and arms.
Coryneforms (estimated to be predominantly Corynebacterium and small numbers ofArthrobacter) occurred over a wide range of percentages of the bacteria isolated from the nares and axillae. They usually composed from 1 to 40% of bacteria isolated from the head and from 10 to 70% of those isolated from the legs and arms. Adults contained larger percentages of coryneforms on the legs and arms than most children.
Sixty percent of the individuals in the temporal study maintained a relatively constant percentage throughout the 1-year period.
Acinetobacters were only occasionally isolated from the nares and axillae and then usually at a proportion less than 1% of the total isolated bacteria. They usually composed from 1 to 30% of bacteria isolated from the head, legs, and arms. These organisms were predominantly isolated from persons living in North Carolina. The occurrence of acinetobacters on individuals in the temporal study followed a seasonal pattern. They were more frequently isolated during the warmer months of the years, from June to September 1971 and then again from April to June 1972.
Klebsiella and Enterobacter species were most commonly isolated from the nares and axillae of adults and only occasionally from children. These organisms were more frequently isolated from the head, legs, and arms of persons living in New Jersey compared to those living in North Carolina. Fifty percent of the adults in the temporal study maintained a persistent population of Klebsiella in the nares and axillae and 25% maintained a persistent population ofEnterobacter in the axillae. These organisms were only sporadically isolated from the head, legs, and arms, and then usually only during the warmer months of the years.
Bacillus species usually composed less than 1% of the bacteria isolated from the nares and axillae and from less than 1 to 25% of those isolated from the head, legs, and arms. Children contained larger percentages of Bacillus than most adults. All individuals in the temporal study maintained a relatively persistent population on the head, legs, and arms. Large percentages (-50% ofthe total isolated bacteria) of these organisms were only isolated during the warmer months of the year; however, a seasonal pattern related to percentage was not particularly clear.
Streptomyces species usually composed less than 1% of the bacteria isolated from the nares and axillae and from less than 1 to 4% of those isolated from the head, legs, and arms. Children contained larger percentages of Streptomyces on the axillae, head, legs, and arms (with one exception of persons living in New Jersey) than most adults. These organisms did not show any clear evidence of persistence, except for occasional short periods of 2 to 5 months.
Distribution of Staphylococcus species on skin. The most predominant and persistent staphylococci isolated from human skin in this study included the species Staphylococcus epidermidis andS. hominis, followedbyS. haemolyticus, S. capitis, and S. aureus (Fig. 4 and 5) . Species that were only occasionally isolated included S. saprophyticus, S. cohnii, S. xylosus, S. sitnulans, S. warneri, and one unclassified species.
S. aureus was a predominant species isolated from the nares of children and was less frequently isolated from the nares of adults. All was more frequently isolated from these sites in children. Isolations from axillae were rare.
S. simulans was a relatively common species isolated from the legs, arms, and heads of children living in North Carolina, but was only occasionally isolated from the legs and arms of children living in New Jersey. It was isolated from only one out of 19 adults. When present, populations often composed as much as 20 to 80% of the staphylococci isolated from the legs and were isolated at slightly lower percentages on the head and arms. Isolations from the nares and axillae were relatively rare.
S. xylosus, S. cohnii, and S. saprophyticus usually composed from less than 1 to 15% of the staphylococci isolated from the head, legs, and arms. Of the three related species (27) , S. xylosus was the least and S. saprophyticus was the most frequently isolated in this study. These species were usually not persistent; however, VOL. 30, 1975 on November Isolations from the nares and axillae were relatively rare.
S. haemolyticus usually composed from less than 1 to 2% of the staphylococci isolated from the nares and axillae and from 1 to 30% of those isolated from the head, legs, and arms. Fifty percent of the individuals in the temporal study maintained relatively persistent populations on the legs and arms.
S. warneri, a species that appears to be somewhat intermediate in relationship between S. haemolyticus and S. hominis (13, 27) , was relatively uncommon. This species usually composed from less than 1 to 5% of the staphylococci isolated from the nares, head, legs, and arms. Isolations from the axillae were rare. Persistence was uncommon and, when evident, occurred for short periods of 2 to 6 months.
S. hominis usually composed from 4 to 20% of the staphylococci isolated from the head and from 10 to 75% of those isolated from the axillae, legs, and arms. Isolations from the nares were uncommon. Seventy percent ofthe individuals in the temporal study maintained persistent populations on the axillae and head. All populations were persistent on the legs and arms.
S. epidermidis usually composed from 90 to 100% of the staphylococci isolated from the nares when the sympatric species S. aureus was not present or only present in small numbers; otherwise, it usually composed from 10 to 20%. This species often composed greater than 75% of the staphylococci isolated from the axillae and head and usually from 10 to 45% of those isolated from the legs and arms. S. epidermidis together with S. hominis were the predominant sympatric species of the axillae. Persons living in New Jersey usually had slightly larger percentages of S. epidermidis compared to those living in North Carolina. Sixty percent of the individuals in the temporal study maintained persistent populations on the legs and arms. All maintained persistent populations on the head, nares, and axillae.
S. capitis was more frequently isolated from the head and arms and only occasionally isolated from the legs. It usually composed from 1 to 30% of the staphylococci isolated from these sites. Twenty percent of the individuals in the temporal study maintained persistent populations on the head and arms.
One unclassified coagulase-positive species, closely related to S. aureus (14, 23) , was isolated in small numbers from two children living in North Carolina and from two children APPL. MICROBIOL. and one adult living in New Jersey.
Distribution of Micrococcus species on skin. The most predominant and persistant micrococci isolated from human skin in this study were members of the species Micrococcus luteus and secondly M. varians ( Fig. 6 and 7) . Species that were only occasionally isolated included M. lylae, M. nishinomiyaensis, M. kristinae, M. sedentarius, and M. roseus.
M. luteus was only sporadically isolated from the nares and axillae of persons living in North Carolina and the axillae of persons living in New Jersey. However, when it was present, it usually composed greater than 90% ofthe micrococci isolated from these sites. This species usually composed from 20 to 80% of the micrococci isolated from the head, legs, and arms. It was more frequently isolated from persons living in North Carolina than in New Jersey. Sixty percent of the individuals in the temporal study maintained persistent populations on the head and 70% maintained persistent populations on the legs and arms.
M. lylae, a closely related species to M. luteus (9, 15) , was most frequently isolated from the head, legs, and arms and occurred over a wide range of percentages of micrococci isolated from these sites. The occurrence of M. lylae on individuals in the temporal study followed a seasonal pattern. They were more frequently isolated during the colder months of the years, from September to February.
M. sedentarius was only occasionally isolated from the head, legs, and arms and usually composed 1 to 25% of the micrococci isolated from these sites. This species was predominantly isolated from persons living in North Carolina.
M. varians and M. kristinae were usually isolated from the head, legs, and arms and occurred over a wide range of percentages of micrococci isolated from these sites. Of the two related species (15), M. varians was the most frequently isolated in this study. Both species were more frequently isolated from persons living in New Jersey than in North Carolina. Only one person in the temporal study maintained a persistent population of either species for as long as 9 to 12 months.
M. roseus, a closely related species to M. varians (9, 15), was relatively rare. When isolated, this species usually composed from 1 to 10% of the micrococci isolated from the head, legs, and arms.
M. nishinomiyaensis was more frequently isolated from the head, legs, and arms and less frequently from the axillae. This species usually composed from 5 to 30% of the micrococci isolated from these sites and was predomi- (13, 15, 27 Information on cell aggregation units was obtained from cultures propagated on P agar media. We do not have any data on the nature of these units in natural environments, such as skin. Until techniques have been devised to provide a single cell or uniform CFU without a significant loss in viability, it would be more accurate to consider the enumeration of bacteria from skin as being semiquantitative rather than quantitative.
Samples taken from the nares and axillae usually contained fewer varieties of bacteria than those taken from the head, legs, or arms. This may be due, in part, to the small proportion of total bacteria analyzed from the naris and axilla sites, but if additional varieties were actually present they clearly represented only a very small percentage. In contrast, numerous varieties of bacteria were often isolated in moderate percentages from the head, legs, and arms. The nares and axillae, because of their location, are more naturally protected from environmental contamination and this may be a factor in limiting the number of varieties present. In addition, these sites usually contain very dense populations of bacteria, whose presence may ultimately destroy or limit the colonization of incoming, less-adapted varieties.
With only a few interesting exceptions, results obtained from persons living in North Carolina and New Jersey were rather similar, and, together, provide an estimate of the distribution of various bacteria on human skin. Generally, Staphylococcus species showed less geographical variation than Micrococcus species (Fig. 4 and 6 ). Most staphylococci are believed to be capable of inhabiting the deeper, more anaerobic, portions of follicles (16) and the relatively sheltered areas of the nares, axillae, and groin, whereas most micrococci appear to be only capable of inhabiting the more exposed surface areas of skin. Such a habitat would place micrococci in greater contact with the external environment and possibly subject them to the influence of environmental factors that vary among geographical regions. An alternate explanation for our results would be that the percentages of different Micrococcus species in the external environment might vary among geographical regions and by frequent contamination aid in determining the composition of species on skin. Determinations have not yet been made relating the proportion of species in the surrounding environment to the proportion found on skin. Our results on the distribution and relative percentage of coryneforms, enteric bacteria, Bacillus, and Streptomyces (Fig. 2) and S. aureus (Fig. 4) on skin are in general agreement with those reported by others (10, 12, 16, 17, 20, 24, 30, 32) and, therefore, serve as an adequate reference in this study for making comparisons with various Staphylococcus and Micrococcus species not previously reported in detail.
The results of temporal studies presented here provide an estimate of the ability of various bacteria to occur or persist in certain cutaneous habitats. The terms persist or persistence are used throughout the text in a relaxed sense, since we cannot clearly distinguish between continued contamination from other sources and colonization. Some examples ofcontaminating sources would include other skin sites, such as headquarter regions containing dense bacterial populations or surrounding areas, plants, fomites, soil, airborne particles, water, food, and other human or animal contact. Interpretation of results becomes somewhat difficult in temporal studies taken at the genus or species level, where certain species and strains, respectively, may be appearing on skin sites from another source while others may be disappearing, without causing a marked change in the total percentage or an interruption in isolation. We can reasonably conclude, however, that genera or species that are persistently isolated in large numbers in relatively sheltered areas such as the nares and axillae have established colonization or residency. Persistence in more exposed areas such as the head, legs, and arms is obviously more difficult to interpret. On the other hand, if a genus or species fails to demonstrate persistence in isolation, we can surmise that it was unable to establish an effective colonization, notwithstanding the small numbers of members that might have been missed in the sampling procedures. Colonization would be best estimated in temporal studies where individual strain or clonal populations are followed; however, this is beyond the scope of the present paper and will be reported in another communication.
The remarkable seasonal variations observed in the occurrence of acinetobacters and M. lylae on skin offer some interesting preliminary data for future ecological studies relating to mechanisms of adaptation. In the case of acinetobacters (many previously referred to as Mimeae), Taplin et al. (36) and Kligman (12) have suggested a high moisture requirement for survival and multiplication. This requirement may be, at least, one of the reasons why acinetobacters were more prevalent on skin during the warm and humid months in North Carolina, at which time the skin might be especially moist VOL. 30, 1975 on November 11, 2017 by guest http://aem.asm.org/ Downloaded from due to high sweating activity and reduced evaporation.
The regions of the body sampled in this study represent several major habitats that include approximately 60% of the total surface area of skin (16) . Several special areas of skin that were not studied here include the scalp, external auditory meatus, palm of the hands, sole and interdigital spaces of the feet, and the inguinal and perineal area. These areas provide rather unique habitats (16) and might contain species populations that differ in composition from those reported above.
